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Abstract

Background
As a result of increased demand for environmental and health-conscious cosmetics, retailers have
increasingly marketed their products using terms such as “clean” or "non-toxic". Sephora, a popular
beauty retailer, implemented a clean seal system to label and promote their products. This study aims to
compare the toxicity concerns of clean vs. non-clean products by using the Environmental Working Group
(EWG)'s Skin Deep framework.

Methods
EWG’s Skin Deep Framework was used to rank products based on their cancer, allergy and
immunotoxicity, developmental and reproductive toxicity, and use-restriction concerns, with lower scores
indicating a cleaner product (ranging 0–10). The distributions of EWG scores among clean and non-clean
products were investigated and strati�ed by different types of products (i.e. fragrance, hair, makeup, or
skincare). A multivariable linear regression model was further applied to evaluate the association
between EWG scores and clean seals, adjusting by types of products, level of toxicity concerns.

Results
356 products were screened, including 180 (50.56%) clean products and 176 (49.44%) non-clean
products. Clean products yielded a higher percentage of low hazard ingredients compared to non-clean
products. EWG scores are positively correlated with the levels of toxicity concern for cancer, allergy and
immunotoxicity, respectively. Clean products are also associated with a lower EWG score by 0.71 in the
regression model. Fragrance products are most hazardous, with a 2.42 increase in EWG score.

Conclusions
Products under the binary “clean beauty” labeling system at Sephora may not necessarily capture the
nuances of EWG’s ten-point scoring system and various dimensions of health concerns. It may be
insu�cient for consumers to solely rely on the presence of the clean seal when purchasing beauty
products. Consulting multiple frameworks and sources to inform decision-making is crucial in addressing
knowledge gaps. Further research and increased data availability from EWG’s database are necessary as
well as public education on the application of Sephora’s clean seal.

Background
In recent years, “clean” cosmetics have transformed the cultural and economic landscape of the cosmetic
industry as mindful consumerism increases (1). When purchasing beauty products, consumers are often
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in�uenced by perceptions in social media and do not account for contributing safety factors, such as
ingredient quantity (2). Utilizing “clean” cosmetics has become a priority for many individuals as these
products are applied onto the skin daily for long periods of time. According to a survey conducted by the
Environmental Working Group (EWG), American women use an average of 12 skincare products and are
exposed to almost 168 unique ingredients on a daily basis (2). As a result of increased demand for
environmental and health-conscious cosmetics, retailers have increasingly marketed their products using
terms such as “clean” or "non-toxic". From 2017 to 2018, the clean beauty market increased by 23%,
contributing to 25% of the overall annual skincare sales (3). Although the increase in demand may have
led to an increase in supply of products that are more “natural”, “clean”, and “healthier” in the cosmetic
market, clearer labels are still absent in the market and queries still exist regarding the science of
products in this domain (4).

Sephora, a major cosmetics retailer, has a section in-store and online that is dedicated to promoting the
“clean” beauty products of various brands. Sephora promotes its credibility and reliability of these
products’ clean status through a green seal and associated signage. This clean beauty seal indicates that
the product is “formulated without parabens, sulfates SLS and SLES, phthalates, mineral oils,
formaldehyde, and more” (5). The reliability of the seal has been widely discussed by various online
media outlets, such as EcoCult, who believes that although the clean seal could be helpful for consumers,
it is “not ideal for corporations to be self-regulating and deciding what constitutes a safe product” (6).
Further academic research and critical examination of the seal is required to support its reliability in
distinguishing clean and non-clean products. For example, phthalates, which are commonly found in
many cosmetic products, are often used to soften and increase �exibility. Exposure to phthalates,
however, “increases the risk of damage to the liver, kidneys, lungs, and the reproductive system” (7).

Currently the Food and Drug Administration (FDA) and Cosmetic Act have no regulation for the approval
of beauty products before it is distributed to the public market (8). Without a standardized de�nition by
the regulatory authority, companies are able to determine and market ‘clean’ or ‘safe’ beauty products with
their own standards and are not legally obligated to report adverse health events (9). The interchangeable
use of terms such as “clean” and “natural” are also not closely regulated by the U.S. Federal Trade
Commission or the FDA (10). The usage of these terms may persuade the consumer to purchase
associated products and inadvertently contribute to unknown disease burden (10). For example, a
company had developed a conditioner without sulfates in an attempt to promote “natural” and “chemical-
free” products, which ultimately resulted in a product recall in response to complaints of hair loss and
itching from approximately 21,000 consumers (2). Alternatively, utilizing words synonymous with “toxic”
may instill fear in consumers, given that several well-known products have been recalled in the last
decade due to adverse health effects, phenomena closely related to the increasing trend of clean
cosmetics (4). Long-term health effects of cosmetic use have also not been thoroughly reported or
researched (11). Thus, Sephora’s clean seal may play an integral role in mobilizing the cosmetic industry’s
efforts to be more transparent about ingredient safety and labeling.
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Methods

EWG’s Ranking System
EWG’s Skin Deep database consists of approximately 64,983 products (14). These products are analyzed
and evaluated by scientists to determine whether or not products are deemed safe by using a
standardized review process. Each cosmetic product and ingredient evaluated by EWG is assigned a
hazard score, ranging from 1 to 10 (least to most hazardous). EWG identi�es products that meet its
strictest criteria with the EWG Veri�ed™ mark, which is indicated by a hazard score of 0 in this study. EWG
determines the score by utilizing a weight-of-evidence approach that factors in all associated health
factors and health impacts (14). The score is also determined by scienti�c literature for each ingredient
and is reviewed and updated periodically (14). Data availability for products on the EWG's Skin Deep
database are categorized in three levels of “none or limited, fair, and good or robust” data available and
are aggregated based on the scope of the health hazard and the volume of evidence (14). EWG states
that some ingredients may have insu�cient scienti�c literature, resulting in lower data availability for
some products. Consequently, products may have low hazard ratings attributed to a lack of research
studies conducted by EWG for the ingredients in those products. EWG recommends consumers should
look for products with low hazard ratings and at least “fair” or better data availability.

Each cosmetic product is also assessed for toxicity concerns, including the main concerns of cancer,
developmental and reproductive toxicity, allergies and immunotoxicity, and use restrictions (14). First,
cancer concerns are associated with ingredients linked to cancer in various studies or assessments.
Developmental reproductive toxicity concerns are associated with ingredients linked to health effects

To reinforce the reliability of Sephora’s clean seal and better discern the differences between clean and
non-clean products, the reliable and widely adopted framework of Environmental Working Group (EWG)’s
Skin Deep database can be implemented. EWG’s framework �lls the knowledge gap left by the lack of
regulatory measures for ingredients that allows companies to use almost any ingredient they desire in
their marketed products. Compared to other notable databases that focus on just ingredients, EWG’s Skin
Deep database consists of more than 73,000 products and their ingredients in which they rank them
based on their toxicity and health concerns (12). The majority of the products within the database can
easily be found in Sephora or drugstores and are analyzed by credible toxicologists, chemists, and public
health specialists (10). Their ranking system is easy to navigate and comprehend, which may encourage
consumers to use the database prior to purchasing products of interest. EWG has also established
standard criteria for ingredients and products based on rigorous evidence-based approaches (13).
Through this framework, consumers have the potential to be more informed about harmful ingredients
and chemicals in the products they purchase and use every day.

By applying EWG’s scoring system to Sephora’s clean products, this study aims to 1) determine the
validity of the cleanliness of their products; 2) examine the toxicity/concerns of cancer, developmental
and reproductive toxicity, allergies and immunotoxicity, and use restrictions of Sephora’s clean products;
and 3) evaluate the levels of ‘cleanliness’ among different types of products.
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such as reproductive organ cancers, birth defects, and developmental delays. Allergies and
immunotoxicity concerns are associated with ingredients linked to allergic reactions or immune system
impairment. Lastly, use restriction concerns are linked to ingredients that are restricted for cosmetic use
based on industry or government requirements from several countries, including the U.S. (14). In addition
to toxicity concerns, EWG also evaluates whether a product is cruelty-free (i.e. yes or no). Additional
details for product evaluation and methodology are located on EWG’s Skin Deep website.

Sephora’s Clean Seal
Since 2018, cosmetic products sold on Sephora's website have been reviewed by the Sephora Clean
program group. Products that do not contain ‘parabens, phthalates, formaldehydes and formaldehyde-
releasers, oxybenzone, coal tar, hydroquinone, and triclosan’ and other ingredients listed in Appendix A
would be granted a clean seal and promoted by Sephora (5). Every product is reviewed by Sephora’s
Clean program members and a clean seal would be given once a product is free from the above-listed
ingredients (5). Every cosmetic product on Sephora’s purchase website is categorized into four main
product types: fragrance, hair, makeup, and skincare.

Data Extraction and Analyses
Four independently trained researchers manually merged collected data from EWG’s and Sephora’s
respective databases. A total of 356 products were reviewed, which included all products that were
simultaneously available on both Sephora’s website and EWG’s database. Data that was extracted for
each product included brand name, product category, EWG score, data availability (i.e. none, limited, fair,
good, robust), acquisition of clean seal (i.e. yes or no), last updated year, cruelty-free status, toxicity
concerns, and quantity of ingredients. We summarized the numbers and percentages of low, moderate,
and high hazardous ingredients, by category (i.e. fragrance, hair, makeup, and skincare) and by clean
status (i.e. clean products or non-clean products). Average EWG scores with exact 95% con�dence
intervals were calculated and plotted by product categories and clean seal, respectively. We further
summarized and depicted the distribution of EWG scores across clean vs. non-clean products. The
association between four types of toxicity concerns and average EWG scores among clean vs. non-clean
products were also presented by bar �gures, respectively. Furthermore, the number and percentage of
cosmetic products at different levels of the four different toxicity concerns and cruelty status among
clean vs. non-clean products were summarized in the study.

A generalized linear regression model was performed to examine the association between EWG score and
clean seal. Factor of product category, levels of allergy & immunotoxicity concerns, developmental &
reproductive toxicity concern, and use restriction concerns were further adjusted in a full multivariable
regression model. We treated the EWG scores as a continuous variable and applied a linear regression
model because the EWG scores are normally distributed and the interpretation of results would be
comprehensively feasible for the readers. A signi�cance level of 0.05 (p-value) was set up a priori and 95
% con�dence intervals were estimated by using normal quantiles methodology of con�nt() function. R
version 3.5.2 (2018-12-20) was used for all analyses and �gure presentations in the study.
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Results
Our sample includes 180 clean and 176 non-clean products (n=356). The mean EWG scores between
clean and non-clean products show a difference of 0.88, with clean products having a mean score of
3.23 and non-clean products having a mean score of 4.11 (Table 1). Non-clean products consist of a
higher number of ingredients compared to clean products (32 vs. 26 ingredients). Compared to non-clean
products, clean products consist of a higher percentage of low-hazard ingredients and a lower percentage
of moderate and high-hazard ingredients. Fragrance products have a higher mean for EWG score than the
other product categories (Table 1).

Table 1. Basic characteristics of reviewed products

*Noted as mean (95%CI)
** Low: 0 – 2; moderate: 3 – 6; high: 7 – 10 

Non-clean products have consistently higher EWG scores across all four product categories (Figure 1).
Both clean and non-clean fragrances have the highest average EWG scores among all product categories,
with a greater variation in scores.

Although Figure 1 indicates that non-clean products share higher scores across all product categories, the
distribution of EWG scores shows a less clear trend with various overlap between clean and non-clean
products (Figure 2). Generally, there is a greater distribution of clean products associated with lower EWG
scores compared to non-clean products. 

Table 2. Number and percentage of cosmetic products at different levels of different toxicity concerns
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The numbers and distributions of cosmetic products at different levels of toxicity concerns are different
between clean and non-clean products. More than 95% of non-clean products have high or moderate
concerns of using restricted ingredients, while the percentage among clean products is approximately
78% (Table 2). More than half of the products have high allergy and immunological concerns, regardless
of the clean status. Notably, the percentage of high allergy and immunological concern is higher in clean
products (61.67%) than non-clean products (51.14%). For cancer concerns and developmental and
reproductive toxicity concerns, the majority of both clean (81.67%) and non-clean (77.27%) products
share low concern. However, the number and percentages of high and moderate concerns of non-clean
products are higher than that of clean products. There are more cruelty-free products among clean
products, but cruelty-free status for most products for either group are unknown. 

EWG scores capture the different levels of concerns of cancer and allergy and immunotoxicity,
respectively, among non-clean products, but not in other concerns (Figure 3). Notably, the average scores
of clean products are always lower than that in non-clean products, even within the same level of
concern.
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Clean products are associated with a 0.71 lower EWG score, adjusted for types of products, toxicity, and
year (Table 3). Compared to the other product types, fragrances have a higher EWG score by 2.42.
Products of high cancer concern are associated with an increase of EWG score by 1.61, while products of
moderate and low moderate cancer concern are associated with a 0.50 increase of EWG score. Compared
to products of low use restriction concerns, products of moderate and high use restriction concern are
associated with an increase of EWG score by 1.71 and 2.15, respectively. The EWG score of products with
high allergy and immunotoxicity concern is higher by 1.76 compared to low allergy and immunotoxicity
concern. These trends do not necessarily apply to developmental and reproductivity concerns. 

Table 3. Regression Model

Signif. Codes: *** = 0; ** = 0.001; * = 0.01; . = 0.05; none = 1

Discussion
This study was conducted to understand the difference in toxicity concerns between 356 non-clean and
clean cosmetic products by using EWG’s Skin Deep framework. Compared to non-clean products, clean
products are cleaner (0.71 lower EWG score). Fragrance is associated with a higher EWG score than the
other products (2.42; 95%CI: 1.57–3.27), likely attributable to the presence of ingredients related to worse
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health effects and toxicity concerns. Among both clean and non-clean products, the increasing level of
concern of cancer, allergy, and immunotoxicity are signi�cantly correlated to an increase in EWG score,
respectively.

This study is the �rst pilot study to compare Sephora's clean seal system, a popular marker for clean
beauty products, and EWG’s Skin Deep review system. We provided additional insight into the different
levels of toxicity concerns for different types of beauty and lifestyle products, as well as possible areas of
discordance between clean and non-clean products. For example, the EWG score takes into account more
“unacceptable” ingredients using their gathered scienti�c research than Sephora’s clean standard list.
This discrepancy is important as consumers are more likely to purchase clean cosmetics when products
contain eco-friendly labels without any knowledge of toxicity concerns (15). This study also provides an
example of a methodology for consumers to utilize and adopt a framework such as EWG’s Skin Deep’s
ranking system to better understand the speci�c health effects of products and their ingredients.

Although products with a clean seal are cleaner than non-clean products based on their EWG scores, 3.23
and 4.11 respectively, clean seals, de�ned as products without containing parabens, phthalates,
formaldehydes, and more, may not be a good marker for consumers to purchase healthy cosmetic
products, and potentially misleading. There are several areas of discordance that are evident among
clean and non-clean products based on their EWG scorings and levels of toxicity concerns. The
distribution of EWG scores of clean and non-clean products are largely overlapped (Fig. 1). Also, labeling
with a clean seal does not guarantee less toxicity or concerns of cancer, development, immunotoxicity,
and use restriction. Our results showed that the distributions of the four types of toxicities are similar
among both clean and non-clean products (Table 2). The majority of both clean and non-clean products
are associated with lower cancer concern, while the lowest number of products are associated with high
concern (Table 2). However, when examining the distribution of EWG scores for clean and non-clean
products based on the four main categories of toxicity concern, only non-clean products are associated
with a positive trend between EWG score and concern for cancer as well as allergy and immunotoxicity
concern (Fig. 3). The distribution of EWG scores for developmental and reproductivity concerns and use-
restriction concerns indicate no signi�cant association between EWG score and toxicity concern level.
Also, both products have a majority of their respective products having higher allergy and immunotoxicity
concerns compared to lower concern levels, but clean products consist of a higher percentage (61.67%)
compared to non-clean products (51.14%) (Table 2). Both majorities of clean and non-clean products also
fall under high or moderate use-restriction concerns.

There are several possible reasons that fragrance has a higher EWG score. Firstly, ingredients commonly
found in fragrance products (and not as commonly found in other product categories) may contribute to
a higher score. These ingredients generally have a higher concern for the four main toxicity categories, as
well as higher concern for other categories such as endocrine disruption, irritation, and non-reproductive
organ system toxicity (14). For example, benzyl alcohol acts as an aromatic agent, preservative, and
solvent, and is associated with allergies and occupational hazards as well as non-reproductive organ
toxicity (16). Secondly, fragrance compounds can be present in many different forms and are represented
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with different names including fragrance, alcohols, esters, ketones, aldehydes, and alkalis are usually
classi�ed differently (17). Fragrance products with labeled terms such as “�oral”, “exotic”, and “musky”
may not accurately disclose their exact formulations and omit mixtures of natural and synthetic
chemicals linked to reproductive problems (18). Thirdly, fragrance products have 14 different unlisted
chemicals and 80% of fragrance products are not tested, on average (18). Results from product testing
show that unlisted ingredients may include galaxolide and tonalide, which have shown potential for
endocrine disruption in vitro studies and environmental toxicity in �sh and crustacean growth functions
(19). Fourthly, according to analyses conducted by EWG, the fragrance industry has published safety
assessments for only 34% of the unlabeled ingredients (19). Although the available data is limited for
fragrances (as summarized in Appendix B), EWG’s product testing and assessments have resulted in fair
data availability for ingredients such as fragrance and benzyl alcohol. These ingredients may have a
larger in�uence on �nal product scores when compared to other ingredients and ultimately result in
higher scores among fragrance products.

This study has a few limitations. Although we included only products from Sephora which have been
simultaneously reviewed by EWG Skin Deep, the fraction of included products (n = 356) is relatively low,
compared to 8,043 cosmetic products on Sephora’s platform, and 71,774 from EWG. Selection bias is less
likely for the following reasons: 1) The numbers of products listed by both systems might be
overcounted. Many products containing exactly the same main ingredients but minor modi�cations on
the proportions of ingredients, �avors, aroma, and/or colors were considered as multiple products. 2)
EWG reviews products independently, without cherry-picking speci�c products and regardless of the clean
seals. Therefore, the reviewed products fairly represent products on Sephora.

Products included what was available in Sephora’s “clean beauty” section that were examined and scored
by EWG’s team of scientists. An increase of data simultaneously available on both websites would be
bene�cial in creating a more representative sample, especially regarding fragrance and hair products.
This may be achieved through a higher rate of frequency in product updates or more active participation
from both ends to exchange data. Also, some of the products listed on EWG’s Skin Deep database
included old formulations that were not updated, which may not be accurately re�ected in some of the
EWG scores. Some products were also limited in data availability, suggesting that much of the literature
for various ingredients is lacking or needs further investigation by EWG. Thus, EWG Skin Deep’s weight-
by-evidence approach to its scoring system may not factor unavailable or limited information on the
hazardous effects of certain ingredients.

Products under the binary “clean beauty” labeling system at Sephora may not necessarily capture the
nuances of EWG’s ten-point scoring system. It may be insu�cient for consumers to solely rely on the
presence of the clean seal when purchasing beauty products. Our study, by utilizing a reputable
framework to evaluate products, �lls various knowledge and regulatory gaps that exist for cosmetic
products. Consulting supplementary frameworks and primary data sources may reinforce and expand on
existing data and criteria provided by EWG as well as address remaining gaps. Additionally, it would be
bene�cial to examine the economic and regulatory implications of ‘clean’ beauty in other countries (i.e.
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cosmetics of prohibited use, other prioritized measures of toxicity concern, and the role of regulatory
bodies in the cosmetic industry).
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Figures

Figure 1

EWG scores for clean vs. non- clean products by product category
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Figure 2

Distribution of EWG scores across clean vs. non-clean products
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Figure 3

Average EWG scores across different levels of toxicity concerns
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